In spite of the great economic potential of cowpea as both domestic and commercial crop, a number of constraints, which include insect pests, diseases and weeds, limits its production in West and many parts of Africa. Weeds reduced cowpea yield and value by competing for light, water and nutrients. Cowpea suffers from weeds particularly when the crop is in the early growth stages before ground cover. Yield losses cause by weeds alone in cowpea production can be as high as 76% depending on the cowpea cultivar, environment and weed management practices. A timely weed removal at the critical period, which falls within the first 40 days of cowpea growth, would help to prevent an unacceptable yield. Weed management in cowpea has been with low technology. Hand weeding is the most widely used weed control method in cowpea but they are usually expensive and labour intensive. Cultural practices such as narrow row spacing and planting of early maturing varieties are also used for weed control in cowpea. Herbicides, which are relatively easy to use and less expensive, have not been widely adopted for weed control in cowpea. There are limited number of selective herbicides with wide spectrum for weed control in cowpea. However, an integrated practices that involved pre-emergence weed control using herbicides or physical weeding, and a supplementary weed removal that would ensure weed control up to 40 days after cowpea emergence could substantially prevent yield losses associated with weed interference.
Introduction
Cowpea (Vigna unguiculata (L.) Walp) is one of the most important grain legume in many countries of the tropics particularly Asia and Africa. Cowpea is cultivated for food, feed and as a cash crop (Langyintuo et al., 2003; Asiwe & Kutu, 2007) . It was estimated that cowpea supplies about 40% of the daily protein requirements to most of the people in West Africa. Cowpea has a high potential to increase farmers' and traders' incomes, thereby contributing to poverty reduction and food security (Kormawa et al., 2000) .
The world estimated annual cowpea production is put at 4.5 million tonnes from an estimated land area of 12.6 million hectares (Food and Agriculture Organization [FAO] , 2014). West Africa accounts for about 80% of the estimated total land area under cowpea cultivation. Nigeria is the largest producer and consumer of cowpea with about 5 million hectares area and 2.4 million tonnes production annually.
In spite of the great economic potential of cowpea as both domestic and commercial crop, a number of constraints limits its production in West and many parts of Africa. These constraints include insect pests and diseases (Thio et al., 2016; Abudulai et al., 2017) , inadequate knowledge of good cultural practices and high yielding varieties resulting in poor yield (Ajeigbe et al., 2005) . Other constraints include planting at sub-optimal plant density, low soil fertility and drought and weeds (Adigun et al., 2014; Kanteh et al., 2014; Adusei et al., 2016; Osipitan et al., 2016) .
Weed Problem in Cowpea
Weeds constitute a major constraint to crop production globally. Yield losses cause by weeds alone in cowpea production can range from 25% to 76% depending on the cultivar and environment (Adigun et al., 2014; Gupta et al., 2016; Osipitan et al., 2016; Ugbe et al., 2016) . Problems caused by weed in cowpea production include reduction in crop yield, less efficient land use, higher cost of production due to insects and plant disease control, reduction in crop quality, water management problems, and less efficient utilization of labour (Patil et al., 2014; Gatachew et al., 2015; Prabhu et al., 2015; Singh et al., 2016) . Primarily, weed reduced crop yield through competition for crop water, soil nutrient, light, and carbon dioxide. Weeds may also reduce crop yield by releasing allelopathic compounds into the environment (Marinov-Serafimov, 2015) and by providing a conducive environment for pest and virus (Fisichelli et al., 2014) . Some parasitic weeds also cause considerable damage to cowpea, with substantial yield reduction especially in Africa (Emechebe et al., 1991; Lagoke et al., 1994) .
The magnitude of yield depends on crop variety, weed density, type of weeds, weed persistence, duration of weed interference and crop management practices (Lagoke et al., 1982; Cousen, 1985; Kropff et al., 1992; Li et al., 2004; Milberg & Hallgren, 2004; Osipitan & Dille, 2017) . For instance, among four cowpea cultivars examined by Nangju and Wanki (1980) , the yield reductions due to weeds were 25% for VITA 1, 33% for VITA 5, 46% for ER-1 and 54% for TVX33-IG. Li et al. (2004) 
Impact of Weed Interference Duration and Critical Time of Weed Removal in Cowpea
The effects of weeds on crop yield depends on the duration of the interference and the life-history stage of the weed-crop system at which the interaction takes place . Weed interference is the detrimental effects of weed on crop resulting from their interactions with each other (Akobundu, 1987) . Weeds associated with cowpea differ in flora and intensity from one region to another (Poku & Akobundu, 1985) . Cowpea is sensitive to weed competition like any other crop especially at the early stage of growth (Osipitan et al., 2016) .
Impacts of duration of weed interference have been reported for grain legumes including cowpea. A season long weed interference could potentially reduce cowpea yield by 53 to 76% (Olorunmaiye & Ogunfolaji, 2002; Adigun et al., 2014; Gupta et al., 2016) . Allowing weed to interfere with cowpea growth for up to 50 days after crop emergence (DAE) reduced cowpea yield by 26 to 75% (Olorunmaiye & Ogunfolaji, 2002; Adigun et al., 2014) . Delaying weed removal for up to 14 DAE was not encouraging as it could reduce cowpea yield by 4 to 15% (Adigun et al., 2014) .
The yield loss in crops due to weed interference may not be unconnected to inadequate fund and scarcity of labour among other factors during the crop growing season, particularly in developing countries. However, a concept, critical period of weed control (CPWC) has been developed to determine the most efficient period during the crop growing season to remove weed in order to prevent an "unacceptable yield loss" in crop. The CPWC often coincides with time of ground cover in cowpea. The magnitude of acceptable yield loss solely depends on the discretion of the farmers (Knezevic & Datta, 2015) . It provides farmers a decision tool necessary to manage their limited resources effectively on weed management. From a practical standpoint, an arbitrary level of 2 to 10% yield loss can be used to signify the critical time for weed removal. This range can allow a farmer to adjust timing of weed control depending on the risk one is willing to take . Critical period of weed control is recently being developed to manage herbicide resistant weeds in crops.
Weed competition is most critical during the first 14 to 40 days of cowpea growth (Medrano et al., 1973; Moody, 1973; Fadayomi, 1979; Tripathi & Singh, 2001; Osipitan et al., 2016) . Akobundu (1987) reported that frequency of weeding within 40 DAE for most of grain legumes give crop yields comparable to keeping the crop weed free for the first 110 DAE. A period of weed removal, lasting up to approximately 30 DAE, was adequate to prevent yield loss of more than 2.5% (Van Acker et al., 1993) . Ngouajio et al. (1997) in a 3 year study found that the period to prevent more than 10% yield loss was 3-4 weeks after sowing (approximately 14 to 21 DAE), and this level could be obtained by one weeding in beans. However, the critical period of weed control might vary with the environmental conditions, level of weed infestations, composition of weed population, pre-crop emergence management practices, soil moisture and fertility level, cowpea cultivar and plant density (Norsworthy & Oliveira, 2004; Mohammadi et al., 2005; Adigun et al., 2014; Osipitan et al., 2016) .
Cowpea sown in summer season is infested by a number of weed species that compete with the crop right from germination to harvest, affecting the crop yield adversely (Yadev et al., 1996) . A study by Sweet and Minotti (1980) showed that moisture is implicated early in weed-crop competition before other growth factor become limiting. In the periods of moisture stress, crops that make more efficient use of water will be expected to yield more than the less efficient crops and the efficiency is affected by relative root volume occupied by each competing plants (Davies et al., 1967; Akobundu, 1987) . Similarly, in a study conducted in a sub-humid climate with bi-modal rainfall, the impact of weed interference was reported to be more severe in late-season cowpea than in the early season crop because of limited available moisture (Ayeni & Akobundu, 1984; Adigun et al., 2014) . Osipitan et al. (2016) reported that the duration of critical period of weed removal was longer in cowpea with lower plant density, suggesting the necessity for more time for weed removal. To provide precise information for growers, critical period of weed removal should be determined specifically for a particular region considering the weed composition, climatic conditions and agronomic practices.
Weed Control in Cowpea
Weed control encompasses reduction of the interference ability of an existing population of weeds in a crop, establishment of a barrier to further weeds infestation in the crop, and the prevention of weed problems in future crops either from the existing weed reservoir or from additions to that weed flora (Lacey, 1985) . Weed management in cowpea has been with low-level of technology this is partly due to being mostly cultivated in less developed country. The nature of weed interference strongly determines the choice of weed management practices (Adigun, 2002) . Different methods of weed control in cowpea have shown to minimize weed competition in cowpea (Osipitan et al., 2013; Getachew et al., 2015; Prabhu et al., 2015; Singh et al., 2016) .
Weed control methods applicable to crops include preventive measures which involves all sanitary measures routinely used such as vigilance to note the presence of a strange plant on the field, rouging isolated weeds that have escaped control by other methods, inspection of cowpea seeds at entry points into country to ensure freedom from weed seeds (quarantine) and preventing weed spread to new cowpea fields. Other options are cultural, physical, biological and chemical weed control methods
Cultural Weed Control
Cultural method includes those farmers employ to give crop advantage over weeds through (but not limited to) crop rotation, planting density, cover cropping, favorable cowpea cultivar, soil fertility and water management. The use of early maturing cowpea variety would ensure quick ground cover for smothering weeds and less duration of weed control intervention. Crop rotation has been reported to help reduce weed population in crop in comparison to monoculture systems. The success of rotation systems for weed suppression appears to base on the use of crop sequences that create varying patterns of resource competition, allelopathic interference, soil disturbance, and mechanical damage to provide an unstable and frequently inhospitable environment that prevents the proliferation of a particular weed species (Liebman & Dyck, 1993) . Cowpea can be rotated with a variety of crops including but not limited to corn, pearl millet, sorghum, cassava and sunflower (Horst & Hardter, 1992; Subbarao et al., 2000; Neves et al., 2015) .
One of the widely researched cultural method that could potentially provide weed suppression and increase cowpea yield is planting density (or row spacing). Grain legumes planted with narrow spacing generally have quicker ground cover that provides shades for weed suppression. Variation in within intra-row-spacing has been shown to have less influence on grain yield of cowpea than differences in inter-row spacing (Adigun, 2002; Chattha et al., 2007) . For example, Grantz (1979) evaluated semi-erect indeterminate CB5 cultivar of cowpea at row spacing of 10, 20, 30, 40, and 61 cm, with an inter-row spacing of 76 cm. Large grain yields of 3000 to 3400 kg ha -1 were obtained, but with no significant effects from within-row spacing with all treatments producing 250 pods m -2
. Meanwhile an experiment conducted by Ismail and Hall (2001) on semi-dwarf and standard-height cowpea responses to inter-row spacing (51, 76, and 102 cm) showed that both the semi dwarf and standard height cowpea produced their greatest yield at the narrowest inter-row spacing (51 cm), though there were fewer seeds per pod at the narrowest inter-row spacing. Another report by Biswan et al. (2002) showed that population density had significant effect on pods per plant and seed yield in a grain legume. The highest pod per plant was recorded from the lowest population density. However, the highest number of pod per plant under lowest population density did not increase the seed yield. In contrast, the highest yield was found in intermediate population density with 33 plants per unit area. Sweet and Minotti (1980) reported that the most predictable and manageable form of competition (against weeds) is early shade and this is achievable through narrow spacing or increased plant density.
Physical Weed Control
Hand weeding is the most widely used physical weed control in cowpea. Reports had shown that two timely hand weeding within first 30 to 40 DAE are necessary to minimize weed competition in cowpea (Fadayomi, 1979; Chattha et al., 2007; Osipitan et al., 2013) . Also, Fadayomi (1979) showed that hand weeding for three times within 42 days of crop growth gave yield similar to plots that are given weed-free control. Caution should be taken as hand weeding after ground cover and during reproductive stage could lead to yield reduction due to physical injury to cowpea (Adigun et al., 2014) . However, physical method of weed control such as hand weeding is mostly expensive, labour intensive and strenuous. In addition to high cost, labour availability is uncertain thus making precision of weeding difficult to attain (Lagoke et al., 1981) . The contribution of mechanical operations to weed control in cowpea production has not been widely investigated. In a preliminary study, Higuera et al. (2001) reported that tillage operation gave a satisfactory weed control in cowpea, however, there was higher associated crop injury in tillage compared to no-tillage treatments.
Biological Weed Control
Biological control technology has potential in cowpea production. It is the control or suppression of weeds by natural or introduced enemies, or by the manipulation of weeds, organism, or environment (Anon, 1983) . The objective of biological weed control is not the eradication of weeds but the reduction and long term stabilization of weed density to a sub-economical level. Preliminary investigations were made in New Guinea into the possibilities of biological control of wild poinsettia, a serious weed problem in cowpea, but result has not so far been published. Meanwhile classic biological weed control involving the use of insects has been used successfully to control prickly pear (Opunita spp.), St. Johnswort (Hypericum perforatum L.) and more recently alligator weed (Alternanthera philoxeroides (mart) Griseb) (Andres, 1981; Tingle et al., 2016; DiTomaso et al., 2017) . Reports had shown that legumes including cowpea are used as live mulch for weed suppression in other crops (Tarawali et al., 1997) . Biological weed control has little relevance in broad-spectrum weed control in cowpea because no insect is known to feed on a cross-section of cowpea weeds without attacking the crop. Bio-herbicides, a relatively recent innovation in biological weed control, are now in the market (Cordeau et al., 2016) .
Chemical Weed Control
An important and relatively less expensive control option is chemical weed control, which involves the use of different herbicides applied as PRE and POST-emergence of crops. Gianessi and Reigner (2007) estimated that non-use of herbicides for weed control in crops could increase cost of production by 20%. The use of herbicide for weed control in cowpea can significantly reduce the need of labour for hand weeding thereby lowering the cost of production. On per hectare estimation, herbicide could replace approximately the need for 10 laborers in weed control (Gianessi & Reigner, 2007) . Examples of herbicides used in weed control in cowpea include, PRE: pendimenthalin (1.5 kg a.i. ha ). Rottboellia cochinchinensis (Itch grass) was effectively controlled with pendimenthalin (Akobundu, 1982) and fluazifob-butyl (IITA, 1989) applied pre-emergence and post-emergence respectively. Metolachlor and most herbicides used for broad leaf weed control in cowpea have consistently failed to give control of Euphorbia heterophylla (milkweed) but imazethapyr, an experimental herbicides for milkweed control in cowpea has provided good control of this weed (Poku & Akobundu, 1985) . Also, a tank-mix of metribuzin and metolachlor was found to suppress milkweed long enough to minimize yield reduction (IITA, 1977) . In southern guinea zone of Nigeria where Vernonia galamensis (ironweed) poses a problem, a tank mix of chloramben and metolachor provided satisfactory control (Poku & Akobundu, 1985) .
Generally, cowpea is more sensitive to herbicide than most of the other grain legumes crops (Akobundu, 1987) . For example, bentazon has been effectively used for post emergence control of many annual broadleaf weeds in temperate agriculture (Barrentine & Mc Whorter, 1972; Anderson, 1983) but was phytotoxic to cowpea and failed to control commonly occurring weeds of cowpea. Similarly, alachlor was found to be phytotoxic to cowpea in the forest transition zone in Nigeria (Moody, 1973; Akobundu, 1982) but found safe on the crop at higher rate in the southern guinea savanna zone in Nigeria and India (Sigh et al., 1975; Lagoke et al., 1982) . These results may reflect varietals response of cowpea to herbicides.
According to Silva et al. (2003) , a best post emergence weed control in cowpea was provided by phenoxaprop-p-ethyl at the rate of 0.080 kg a.i. ha -1 and it was mostly effective against grasses. However, these herbicide treatments alone have been reported inadequate in their ability to provide acceptable season long and wide-spectrum weed control without a supplementary weed control (Adigun et al., 1993; Osipitan et al., 2013) .
Integrated Weed Control in Cowpea
Integrated weed management combines weed control practices that are effective, sustainable and perhaps, economical (Lamichhane et al., 2017) . No one weed control method is applicable in all cases because of the wide variability in soil type, climate conditions, growth habits and nature of weed, therefore, a combination of two or more weed control methods is likely to prove more effective than any single method in alleviating the build-up of hard to kill weeds (including herbicide resistant ones).
The conventional method of weeding such as hand weeding is expensive, and labour is not usually available during the growing season due to workload (Khan et al., 2000) . The use of herbicides in cowpea to control weeds appears to be useful (Dadari, 2003; Silva, 2003) , but herbicides are mostly effective only against selected weed species, which results in unsatisfactory broad spectrum weed control in cowpea (Osipitan et al., 2013) . So there is need to develop an integrated weed management approach, which should be efficient, cost effective and environmentally safe (Chattha et al., 2007) . Parasuraman (2000) found that application of pendimenthalin (1.5 or 2.0 L ha -1 ) or fluchloralin (1.0 or 1.5 L ha -1 ) as PRE plus hand-weeding at 30 DAE resulted in significant reduction in weed population and weed dry matter and increased in crop yield in rain-fed cowpea. Patel et al. (2003) conducted a field experiment to evaluate weed management strategy for cowpea. Pre-emergence application of pendimenthalin at 0.75 kg a.i. ha -1 + weeding at 5 weeks after sowing gave a higher grain yield compared to other treatments. Jaibir et al. (2004) reported that pendimenthalin at 1.0 kg a.i. ha -1 + hand weeding at about 21 DAE gave the highest cowpea yield and weed density and dry biomass was lowest in this treatment. Chattha et al. (2007) conducted a field experiment to evaluate yield of cowpea as affected by weed control methods under rain-fed conditions. Maximum reduction in density and biomass of weeds were observed by chemical weeding at 2-3 leaf stage of weeds + hand weeding at 42 DAE. Similar treatment out yielded other treatments in terms of number of pods per plant, number of seeds per pod, 1000 grain weight, biomass and grain yield. Integration of row spacing, physical, and chemical weed control methods has also shown a great potential in weed management with subsequent increase in cowpea yield (Osipitan et al., 2013; Adigun et al. 2014 ).
Conclusion
In spite of the great economic potential of cowpea as both domestic and commercial crop, its production in West and many parts of Africa is limited by a number of constraints, which include insect pests, diseases and weeds. Yield losses cause by weeds alone in cowpea production can be as high as 76% depending on the cowpea cultivar, environment and weed management practices. A timely weed removal at the critical period, which falls within 40 days after cowpea emergence, would help to prevent unacceptable yield. Handweeding is the most widely used weed control method in cowpea. Cultural practices such as narrow row spacing and planting of early maturing varieties are also used for weed control in cowpea. There are limited number of selective herbicides with wide spectrum for weed control in cowpea. However, an integrated practices that involved pre-emergence weed control using herbicides or physical weeding, and a complimentary weed removal that would ensure weed removal up to 40 days after cowpea emergence could substantially prevent yield losses associated weed interference.
